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J. Worlton-
LosAlma Soicntifia Laboratory

1. INTRODUCTION
Th@first CRAY-1eomut~r wasinstalled at LosAlamos

!Soientifie Laboratory(LAL) in Harah1976;itwas●valuat@dfrom
April 1 to Sept@mb8r30, 1976,underth~ guidanceef ERDA
Hoadqu~rtorsmndwith th~ ooopcrationof the FedsralComput@r
Perf’ormaneeEvaluationcnaSimulationC@ntor(FEDSItl).Sinoc
Ootobar1976LASLhas b@8nIn:agrating th~ CRAY-1into the LASL
IntegratedComput~rNetwork(ICN),d~valopingsoftwar~,●nd
converting●pplication codesfor ●arly produotivtus. of th~
CRAY-1.This report raviewatho background●nduurrentstatus of
this oomputer.
2. VECTORPROCESSORS~DEFINITIONSANDPERSPECTIVE

ThQCRAY-1eomblneabothsoalar ●nd veotor ●rehiteoturo
foatur~sin its design. A‘soalar~ oporationla onethat
typioallyUSQStwoop~randa,~x~eut~aa single opgration, ●nd
produoeaone rceult. A‘veetorrnoperationia on~that typically
usostwosetsof oporanda,cxoouteathe ssmeoperationpairtiiae on
th~oleme~of thesoacts, ●ndgenerate8a ●et of results. An
importantlimitation on the .x@outionbsndtii~ of soalar
opwationsis the nod to issue at l~aat on~snd g~nerallyaaveral
instruotiona for caohroaultgen@ratcd;this limitation is romovcd
in v~otoroperations, sinoa ● singlo vwtor oommandmaygon8ratc
manyrosulta.

Datmflowin veotor ●rcihitcoturmhas beenimplom~ntod+:etwo
wys$ memory-to-memory(MM)●nd r~gistm-to-re iat~r (RR).

!first g~nerationof veotoraomputera(th@CCCTAR-1OOandthe
T@x@sInstrumentsASC)uer~Mldesigns in whichth8 veotor
opwtndsuer~ f~tchedfrommemoryandthe r~aultsreturnedto
moaory.Th@CUAY-1is an RRveetordaaignin whluhoperandaare
fotohcdfromregi8t8r8aid th~ r@aultsreturnedtd rtgiatcra.
Uh@re?atho MMd~aignstypiaallyhaw @rather long startup time
for th@veotoroperations (s*veral miaroseoonds),th~ RRdesign
r~duoassxartuptim8significantly andther~for~alloua •ffiai~nt
processingof shortwetors. Further,with op@rands●nd results
stored in rcgiat~rs, paralA81●x~outionof vcotorop~ratlonsoan
r~adilybe lmpl~mont~d,thw~byInar@aslngv~otor●xcoutionrates
still furthtr,

@Workperformedund~rthe auapioosof the U,S. EnergyRe88areh
andDevelopmentAdministration.



In spit~”ofth~ faot that wetor proeossingIs usuallyamny
tim~sf’aat~rthan oealarproc~ssingin ●)?ygivenscalar-wetor
doaign,tho sp~odof tho aealar proooasin~unitremainsorltiosl
to the ovorall porf’ormanueof auoh● maohine[1]. ThoLs@aonfor
this is that v~ryfou problomsoanbe veotori?.mdtatally, and●ven
● smsll poroontof tho r~sults beinggenera:cdtn ● slowsemlar
mod~oand~gradcthe perforutano~of the maohineto unaooeptabl~
lavole. Even●n infinitely fast v*otorproeeasorIn oembination
with ● slow aoalar prooesaorwouldgivo inadequat~porformanoo
unloaathe ●pplications tier. almosttotally vootorlzed--and
problomsof this typ~ ●r. unoommon.Andevenif.tho ●pplloation
its~lf ia highly veotorizablet tho systemsoftwarewhiohporforma
aervioofunotionafor the ●pplication aode~a typlaally
implom~ntodlR aoalar aodo.
30 THECRAY-11SUMMARYOFCHARACTERISTICS

Th@CRAY-118 a logioal d~sc~ndantof tho CDC7600,●ndTablQ
1 summariz~asomobaaia oharaoteriatioaof those twooomput~rs.
In somerospaots the CRAY-1doaignsimplyimprov~don tho 7600,
●ig., ● faatorminoroyclQtime, improvedinstruction buffering,
●dditional sualar registers, ●nd faster memoryeyule. Other
features of theCRAY-1●remoreauourat81yoharaetorized●s
‘breakthroughs”,●.g., the ooolingtechnology,the inolusionof
the RRveotormodeandveotorohaining,andthe two-to-three ‘
ordersof magnitudeincrease in theoapaeityof bipolsr memory.
Thesoitemsare radioallydifferent in either oonu~ptor quantity
than those foundIn prior oomputers.

.

Parallelism 1s implement~din tha CRAY-1in neveral waya; in
the pipelined ●rithmetic units, eaohof whichuanhaveaevcral
operationsin prooeaaat onetime; in the inolusionof multiple
●rithmetic units whiohoanoparate in parallel; inthechaining
featuro whioh●llows results to be usedas operandsessentially as
soon●s th@yare generatedwithoutwaitingfor thevaatoroommands
to bcoomleted; in the overlapof instruction processin~with

!funotiona unit operations; andin the multiple independentdata
tran~miasionsof the 12full duplexdata ohannols.Inspit~of
this highdegreeof parallelism, the mauhinecan be prtjgrammedin
serial modewithoutregard to the parallel operations of’the
variousunits.

Furth@rdetaila of the CRAY-1designoanbe foundin [2].
4. EVALUATIONSIJHHARY

Thosix-months●valuationof the CRAY-1●t LA%Lwasdeemed
nooesoaryby ERDAin order to ●asurethatthis computerwasa
sutfioient teohnolegiosl●dvanoeover ita predeoeusorsto warrant
●oquioltionby LASL●ndother ERDAlaboratories. Table2 lists
the throshholdoriteria used in this evaluation. Th@aoalar
oriterion wasestablished in order to ●void the degradationof
overall performancethat ooeurredin someprior oomputerathrough
the combinationof S1OWaoalar performane8with fast veetor
performano~,therebyseverelylimiting the olass of problemstu
whtohsuohoomputersoouldbo●pplied. Thevector criteria wero
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SCALAROPERATIONS z2XCDC7600IWSPEED
.

VECTOROPERATIONS

aSHORT(L-20) z3XCDC7600INSPEED

~IED]U!+I(L-100)z4XCDC7600INSPEED

oLONG(L-500) z5XCDC7600INSPEED

RELIABILITY b

g HTTF z4HOURS

oHTTR s1HOUR

oAVAILABILITYz0,8

TABLE2,QUALIFICATIONCRITERIA

●



definedfor K@v@ralvcetorlengthsthat wouldallowevaluationOY
veutorperformanceon relatively short vectors. Threereliability
criteria uoreusedinstead of the aingl~ ‘availability”criterion
typloal of GSAsohedules.

.

Thedctaila of the methodology●nd th~ reamltsof th~
●valuationeanbe foundIn [3], andwelist hcraonly the main
results of theevaluation. Figure 1 showsthe r~lative Soalar
performanceof theCRAY-1to the CDC76OOfor 26kernelsaodedin
●ssemblylanguage. Therelative speedratios rangedfrom2.03 to
4.12. Thelowendof this rangeoomeafrom76@Qcodasthat”were
oontainedin SmallCore$lemory(SCM)●nd henae&e highly ~
effleient onthe 7600:the high●ndof the rang~uomaafromoodes
whiuhrequiredthe use Of tho 7600LargeCoreWry (LCM).

Thevectorcxeuutionrates of the CRAY-1mndthe 7600were
uomparedby programmingfive v~otoroperationsfor bothmachin8s
●ndoomparingthe times, uith ths ●veragesof thesotimingsfor
the specified veatorlengthsbeinguompar8dto the veotor
qualificationeriteriao Table3 shws these results presentedin
❑tllions of floating-point operationsp~rseeond(MFLOPS)a.The
●veragespeedratios for theCBAT-1eompar~dto ths 7600were
3a39,4.50, ●nd5.12 for veutorlengthsof 20, 100,●nd 500,
respectively. Thus,the qualificationeritwia weremetin ●ll
instances. Howover,this wasnot ●n ●ttemptta determinetho
maximumor eventhe expcotedupocdratios--onlym ●tt~mptto
determine● threshold l~vel of p~rformanocin veutormode.

. LASLworkwithlinear systemsolvershas shownthat in
favorableprogramming●nvironments,theCRAY-1canproduo~64-bit
results in the 100to 140HFLOPSrange[4].

Themean-time-to-failure(MTTF)of the CRAY-1wasevaluated
by running●n “Exerciser codedesignedto aocess●s many
different hardwareunits of the machineas feasible for runs of
msnyhourseaoh, ●nd oheokingthe MTTFovera periodof tuenty
oonseoutiveuorklngdays. Mean-time-to-repair(?lTTR)●nd
●vailability ‘wered~finedin theusual manner. In viewof the
laokof anadequately~demandingworkloadon the CRAY-1in this
period,the use of the EXERCISERwasdeemednecessaryin orderto
imposedemandsas great er greater than those foundin ●
production●nvironment.

●“ Thenotation for these operationsis:
VVSPVSmeans(vector) s (veotor)@(scalar)+ (veutor)*(scalar)
VVVPVVmeans(vector) 8 (vector)@(veotor)+ (veotor)”(vector)
VVVPVmeans(veetor) 8 (vector)Q(vector)+ (veetor)
DOTPROmeansdot produet
ADDVECmeans(veotor) a (vector)+(aealar)+ (veator)
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I L-20 I L=100 I L+(K)

FUKTION CRAY-17600

VVSPVS 31.6 8.2

VwPw 25.5 700

ADDVEC 22.2 5.6

AVERAGE 22#2 6,5

CRAY-1

55.9

3B.1

30.0

36,3

38.2

39,7

76a)

11.1

8.5

7.1

9,1

8,0

8*8

*

ClIAY-l

65.6

41.6

34.0-

60.6
43.9

49,1
●

7600

lL9

9.0

7,5

10.1

8.9
~
9,5“

TABLE3. CRAY-1m 7600PERFCMWMCEINRFLOPS
.



Flgurc2 showstheWTFdata for successivetuenty-day
periods. All three reliability oritoria werorequiredto bc
satisfied for ● period of twentyconsecutiveworkingdays, ●nd
this happenedfor manyperiods. For example,in theperiod
5-14-76to 6-11-76,the MT’lFwas7.08 hours,the?fTTRwas0.38
hours, ●nd the system●vailability was951.

Hostof the failures deteutedduringthe evaluationperiod
weretransient ❑emeryparity errors; of the total of 170errors,
~~2ewerememoryparity errors, ●ndof these, 140weretransient

., non-reproducible). Since the evaluationperiod has been
oo;pleted,CrayResearehhas offeredthiscomputerwithsingle-bit
●rror oorreotlonanddouble-bit error detection (SECDED)as ●n
option; if this feature hadbeenIn operationduringthe
evaluationperiod, it wouldhaveextendedthe?+TTFsignificantly,
For example,if SECDEDhadeliminatedthesingle-bittransient
●ri”ors, the MTTFwouldhavebeenIncreasedbys factor of 5.5; if
It hadalso ●laminatedthe reproduciblesingle-biterrorsduring
productionruns●ndmadeItpossible to correct these errors
duringpreventivemaintenanceperiods, the MTTFwouldhavebeen
inoreasedbya faotorof 9.4.
50 CURRENTSTATUSANDPLANS

5.1 Hardware
ConfiRu~ation.TheCRAY-1configurationinstalledatLASL

for the evaluation period includedthe central processingunit
with 512K(K=102464-bit words)of memory,one disk controlunit,
twoDD-19disks, anda DataGeneralEclipsethat wasusedfor
-Intenanceandfront-endfunctions.Thisconfigurationhas
reoentlybeenupgradedtothreedisk controlunitsandfive
DD-19S.ItIsplannedtoupgradethemainmemorycapacityto
1024KwordsincludingtheSECDEDfeatureduringthirdquarter
1977;furtherdiskcontrolunitsanddisk~ will be addedto
providean ●ventualconfigurationofninecontrollersand
seventeendisks.

w“ TheCRAY-1hasbeenconnectedto one of the LASL
7600srunnng he LTSSoperatingsystemin order to provideaccess
to the networkresourcesand to allow LTSSto be usedas a support
prooessorfor the CRAY-1.In the long term, othercomputersIn
thenetwork,includingthoseofsmallerscale,will be able to use
theCRAY-1asaresourceforexecutinglarge-scaletasks,withthe
pre- andpost-processingfor these tasksbeingdoneonthe
smaller-scalemachines.Inthisway,itwillbepossibleto
minimizesoftwaredevelopmentworkandtobringtheCRAY-1upto
productivestatus muchearlierthanwouldbepossibleif a full
softwaresystemweredevelopedontheCRAY-Iitself.

w“ TheEXERCISERcodehascontinuedinuseto
serve as a c ec onthetrendinCRAY-1reliability.However,
ehmngesintihesystemenvironmenthavemadeitnecessarytoreduce
thesizeofthelinearsystembeing solvedfrom705x705to561x561
inorderto fitthecodeanddataintotheuserareaofmemory.
Thus,thisformofthecode(EXERCISER-II)checksless of the
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oa90rythanIts predecessor●ndthedata is not d$rectly
eoapwable.Howver,thereIs a significant trendupwardInthe
~F datafor ~XERCISER-11,as shownin Table3.

●
✎

?!O)ITH MTTF(HOURS)

January 5.16
February 10.31 .

?Wcah 18.22
April (to 24th) 53.13

TABLE3. EXERCISER-IIDatafor
197”[

In additionto the growingexperienceof the CRAY-I
maintenanceengineers,the primarycauseof this improvementis
the use of widervoltagemarginsduringpreventivemaintenance
periods to locate andremovemarginalcomponents.

.
5.2 Software.

5.2.1 Softwareon LTSStosupporttheCRAY-I.Asnoted
above,the~SS systemisbeingusedtosupportthe CRAY-1,
includingttie followingsoftwareproducts.

CRAYFTN.This is a FORTRANcross-compilerfor the
CRAY-~s a LASL-developedcompilerbasedon the CDCFTN
4.6 compiler. It is run only on FTN-licensedmachinesand
It is maintainedsolely by LASL.This compileris also
available underthe NOSsystem.Theoutputof this compiler
is assemblycodefor the CrayAssemblyLanguage(CAL).Work
ts continuingon the optimizationphaseof this compiler.

HODEL. MODELis a systems-implementationlanguagefor
the Cm developedat LASL.NODELis also a
cwoss-compiler.

CRALINK/CRAYCNl’RL.Tt,is is softwareto control the
link betweentheCRAY-1andLTSS.Theseroutinesaccept
CRAY-1jobs fromthe LTSSusers, queueup jobs, execute
these jobs serially onthe CRAY-1,andreturnCRAY-1output
to the user.

CRACNV.This routine convertsdatabetweenLTSSand
CRAY-~ formats.



CRAEDIT.Thisis a utility programto allowLTSSusers
to ex~RAY-1 formatfiles onLTSSwfthoutconverting
files to LTSSformat.

5.2.2 CRAY-1software. Onthe CRAY-1ttself, the following
softwarepr- are ava{lab?.e.

Loader.7hls is a relocatableloaderwithoverlay
capab~that cansatisfy externalsfrommultiple
libraries.

CALAssembler.This is a macroassemblerwithfeatures
COMPASSassembler.

BEDIT.Thisis a utility to manipulatebinaryprograms
ands=grams. Itallows,usersto maintaina library of
binaryprogramsandsubprograms,thus eliminatingthe
requirementto recompilea wholeproductioncode.

DISPOSE.This1s a utility to routeCRAY-1files to
LTSS.—

DHPDS. Thisutility dump:the contentsof a CRAY-1
data-n octal or otherformats.

DHP. This is a utility usedtodumpthecontentsof
CRAY-~emoryin octal or other formats.

LIBMAK.This is a utility tc constructlibraries for
the 1~

UPDATE.This utility is used to maintainandmodify
sourceprograms.
5.2.3 Operatingsystemstatus andplans. Theoperating

systemcurrentlyin use on t e LASLCRAY-1is a modifiedversion
of the operatingsystemdevelopedby CrayResearch. Inthe long
term, this systemwill evolveinto a LASL-developedoperating
system(DEMOS)that will providea hierarchical file system,
multitasking(multiprogramming),processstructure, a flexible
jobcontrol language,anda networkinterface. Thenetwork
interfacewill continuethe philosophyof the ‘support
processor,”wherebyothersmallercomputerswill be able to use
th?CRAY-1as a “computationalengine.tt

5.3 Codeconversion.
TheLASLphilosophyof codeconversionfor the CRAY-1is to

converta severely-limitedset of high-priority productioncodes
initially, andto developthe systemresourcesneededby these
codes. Uith these codesin productionstatus,the system
resourcescan then be expandedto meetthe needsof a larger set
of codes.

Consistentwith the justification for the”acquisitionof the
CRAY-1at LASL,the initial set of codeshas beentaken fromthe





weaponsprour’am,?ndinthiss~ttheoodaknown●s BIC!IAChas
beenusedasth~primarydefinitionof’ayatomdcv~lopm~ntne~ds.
A workinsubsetof thiscodehasbeenrunningaorraetlyslnee

!latoin 976; numerousfuii-sizapreblemshavobe~nrun. Timing
●tudioaof BIGMAChaveshownthatth~CRAY-1sealerversionof’
tht~oderuns3,1Ltimes as fast as th~ aam~o~nnin~ on the
7600with theRUNcompilerundertheCROSoperntingsystcm.
ll~etori~ationof thinoodeiaproeeoding,inOrderto f’urth~r
speedup the ●xeeutionontheCRt\Y-1,

FIVCotherueaponseot!saareinvarioussta~~uof’
oonvcraion,withseveralof themlargelyuonvertcd.Tho
Monte-C8rlocodeMCNisrunningaorreotlyonth~CRAY-1,trauking
th~LTSSandCROSvoraionaof theeodo.

Inadditionto theconversionottheseweaponaeodcs,
aonveraionof codesinfourotharareasisinpraeess.TheLASL
Testing Divisionis oonv~rtinga two-dimensionalhydrodynamioa
andtrannportQodouaadforundergroundeontainra~ntstudlesls
three-dimensionalversionofthecode1splannedfor theCRAY-1.
A three-dimensionalmagnetohydrodyn~mieaplasma$Imulatlonuod8
iabeingeonvtrtedforuseinmagnetiefusioncn+ruyatudiea.A
rcaetorsafetyoode(SIMMER)isb~ingconvertedfor workbeing
donefortheNuclearRegulatoryCommiaslon(NRC).Finally,●
r~aearohoodeforatatistiealmeehaniesI?asbocnconverted,As
notedabove,these n~n-w~aponscodesare beingpr~paredandrun
on ● non-interferenooLQsiswithrespeottoth~workon the
weaponseode$, .

.
6.SU14MARY

ThoCRAY-1hasbeen●valuatedundercarefullycontrolled
oonditiona●ndhasbeenshowntohaveperformance●ndreliability
oharaetoristiusthatmrewellmateh~dtotheprogrammaticneeds
●t LASL.Softwaradevelopment,networkin~,●ndcod~oonv~roion
haveproceededtouh~retheCRAY-1isnowinearlyroduetion
•tatua~ !Withthe upgradingof the memorytoonemi lionwords,
theupgradingof thediskeonfiguratien,andthecontinuing
dev~lopmontof ayatemandapplicationssoftware,this computer
w~il beaomethe moatpowerfulworkercomputerinthe LASL
IntegratedComput~rNetwork.
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